Conclusions Unfavorable visual outcomes were related to a younger age at presentation, poor presenting visual acuity, injuries caused by blunt or missile objects, posterior wound location, hyphema, vitreous hemorrhage, and surgical intervention of pars plana vitrectomy.
Introduction
Open globe injury (OGI) may lead to irreversible damage to the intraocular tissues and is a major cause of noncongenital monocular blindness in children. [1] [2] [3] It has been reported that approximately 43% cases occur in people younger than 18 years of age. 4 Incomplete or even inaccurate injury descriptions, as well as poor cooperation during the ocular examination and postoperative follow-up make it difficult to evaluate the prognosis of pediatric OGI. 3, 4 The influencing factors that make the management and prognosis determination more complex also include an incompletely developed visual system, active inflammatory response, and exuberant wound healing together with amblyopia. 5 It has been shown that visual prognostic factors of OGI in adults include presenting visual acuity (VA), types of trauma, location and length of wounds, lens damage, vitreous hemorrhage (VH), and types of intraocular foreign bodies, and so on. 6, 7 Relatively little is known regarding the visual prognostic factors in children. 8, 9 Despite the high incidence and probability of causing blindness, it is a preventable and controllable disease.
Materials and methods
This retrospective case series enrolled OGI patients of age 17 years or younger who were treated at the Eye Center of Second Bethune Hospital affiliated with Jilin University between August 2005 and August 2012. OGI was defined as any traumatic and full-thickness wound of the globe (injury of the sclera, cornea, or both). 10 Mechanisms were classified as blunt, sharp, or missile. 7 The location and extent of the injury were defined according to the Ocular Trauma Classification Group: zone I, isolated to the cornea or corneoscleral limbus; zone II, limited to the anterior 5 mm of sclera; zone III, fullthickness injury 45 mm beyond the limbus. 10 Patients who were followed up for at least 3 months were included. Poor visual outcome was defined as a final best corrected visual acuity (BCVA)o20/200.
Data recorded included demographic characteristics, cause of injury, mechanism of injury, location and extent of injury, presenting VA, clinical signs (the presence of a relatively afferent pupillary defect, hyphema, uveal tissue or vitreous prolapse, traumatic cataract, VH, endophthalmitis, retinal detachment (RD), or an intraocular foreign body), details of primary and subsequent surgeries, and postoperative complications and visual outcomes. Follow-up data, including most recent BCVA, complications, and duration of follow-up, were collected.
All corneal wounds were sutured with 10/0 ethilon (Johnson & Johnson Medical Ltd., St Stevens-Woluwe, Belgium), whereas scleral wounds were sutured with 6/0 vicryl (Johnson & Johnson Medical Ltd.) or 5/0 PremiCron (B Braun Surgical S.A, Barcelona, Spain). Necrotic or infected prolapsed uveal tissues were excised, and the prolapsed vitreous was cut by a vitrectomy. Lens aspiration was performed in eyes with lens capsule rupture. Intravitreal vancomycin was injected when an infection was suspected to exist. Intravenous antibiotics were given before and after the surgical intervention in some cases. Secondary operations required in some patients included anterior chamber washout, intraocular lens implantation, and pars plana vitrectomy (PPV), and so on.
Either the w 2 -test or the Fisher's exact test was used to investigate the association between two categorical variables. For multivariate analysis, stepwise logistic regression was conducted to determine the predictive variables for the final visual outcome. A P-value less than 0.05 indicated statistical significance. SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) was used for the statistical analyses.
Results
One hundred and thirty-seven OGI patients (140 eyes) younger than 17 years of age, including 116 (84.7%) boys and 21 (15.3%) girls were recruited in this study. Their mean age was 11.57 ± 4.19 years (range: 3-17 years; Figure 1 ). Sixty (43.8%) patients had a right eye injury and 74 (54.0%) had a left eye injury. Bilateral ocular injuries occurred in three (2.2%) children. Injuries occur most frequently in February (16.8%) when spring festival is celebrated and August (12.4%) which is during the summer vacation ( Figure 2 ). The causes of injuries were summarized in Tables 1a and 1b . One hundred and twenty (87.6%) children went to the hospital within 24 h of injury and 17 (12.4%) waited for 1 to 11 days before going to the hospital. Table 2 showed the distribution of the presenting VA and final BCVA.
Among the eyes with presenting VA better than HM, there was no RD found in the presenting or follow-up period. The mean follow-up period was 9.6 months.
The predictive factors of the final BCVA was shown in Table 3 . Higher rate of preschool-aged children (70.0%) and injuries caused by blunt subjects (73.9%) had a final BCVA worse than 20/200. Poor visual outcome was significantly associated with younger age and injuries due to blunt objects (P ¼ 0.024, P ¼ 0.027).
Eyes with a poor preoperative VA tended to have a worse visual outcome (Po0.001). Sixty-nine (65.1%) eyes that had a presenting VA worse than 20/200 had a poor visual outcome, whereas only 2 (5.9%) of the 34 eyes with a better preoperative vision had the same consequence. By multivariate analysis, a presenting VA of o20/200 was determined to be an independent predictive factor for a final BCVA of o20/200 (Po0.001, OR ¼ 31.905, 95% CI ¼ 6.942-146.643).
A much lower rate of unsatisfactory final BCVA was achieved in cornea wound (39.4%) compared with the zone 2 (61.9%) and zone 3 (63.0%). Posterior wound correlated significantly with a poor final VA (P ¼ 0.007). By multivariate analysis, a wound located in zone 2 or 3 was determined to be an independent predictive factor for a final VA o20/200 (P ¼ 0.026, OR ¼ 0.398, 95% CI ¼ 0.177-0.897).
Nineteen (70.4%) eyes with hyphema at the time of the initial examination did not achieve a satisfactory VA. In contrast, only 52 (46.0%) eyes had a poor visual outcome in eyes without hyphema. This result was statistically significant between the two groups (P ¼ 0.023).
Eleven eyes with VH and seven eyes with RD were noted. Only two (28.2%) eyes with VH were found to have a VA of 20/200 or better. All RD eyes had a poor visual outcome. Eyes with VH tended to have a worse visual outcome (P ¼ 0.032). Although statistical significance was achieved between a poor visual outcome and the presence of RD, more cases are needed to obtain a more accurate conclusion.
All 140 injured eyes received primary repair on the day of presentation. PPV was performed on 17 eyes, including primary and subsequent operations, in which 14 eyes had a presenting VA of HM to NLP. Fifteen eyes had a final VA better than CF and three eyes even achieved VA better than 20/50. Forty-six (32.9%) eyes had secondary surgeries, including procedures treating hyphema, traumatic cataracts, aphakic conditions, endophthalmitis, VH, and RD. A poor visual outcome might be related to the need for a vitrectomy (P ¼ 0.005), but not to the numbers of operations performed (P ¼ 0.809).
Delay of presentation (n ¼ 17), iris prolapse (n ¼ 13), lens injury (n ¼ 61), a foreign body in the posterior segment of
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the eye (n ¼ 18), and endophthalmitis (n ¼ 18) were not found to be predictive factors of poor visual outcomes.
Discussion
OGI is usually difficult to assess and prone to induce severe visual impairment or even visual loss, especially in children. In the current study, we investigated the predictive factors of visual outcomes in children, hoping to give guidelines in treatment planning and visual expectation counseling.
It has been reported that boys often have a greater incidence than girls, ranging from 2 : 1 to 6 : 1. 3, 7, 11 In this case series, the boy-girl ratio was 5.5 : 1. Our average age of onset was 11.57 years. Although some studies have shown an even distribution between the age groups 3,9 or a younger age of onset, 1, 6 teenagers in the present study involved more in the trauma, probably due to their increased participation in social activities and labor work, with less surveillance and protective measures.
The preschool-aged group had the greatest percentage of children with a poor final BCVA in this study, which is similar to previous studies. 1,12,13 In Hill's study, however, children in the age group of 9-17 years tended to have more serious injuries and worse visual outcomes. 6 Of the different age groups, the causes and locations of trauma together with other conditions (such as an intraocular foreign body, VH, and so on) are different, but all these factors are reported to be predictive factors of pediatric OGI. 3, 6, 9 Amblyopia is also a main reason of the poor visual outcome in young children with OGI. 7 The visual prognosis should not depend merely on the age of onset, but it should be combined with a comprehensive analysis. For young children, attention should be paid to their follow-up to prevent or correct the factors that may lead to amblyopia or strabismus.
Sharp injuries were the major cause in this case series, causing less visual impairment than the other causes, which is similar to the series of Gupta et al and other studies. 1, 7, 8, 11, 13 Wounds due to sharp injuries are more often located in the cornea, whereas those due to blunt Eye and projectile injuries are usually long or irregular and with a greater incidence of intraocular foreign bodies, which would affect the visual prognosis. The presenting VA is a strong prognostic indicator of visual outcome not only in adults but also in children with OGI. 7, 11, [14] [15] [16] Our study showed similar results to those found in most studies, which indicate that a presenting VAo20/200 is an independent risk factor of a final BCVAo20/200. Although some studies have found that a primary BCVA of 20/400 or worse could not be a good predictor of a poor final visual outcome considering the probability of incompliance during examination or improvements in concept and technology of surgical intervention, 6,13 the presenting VA of HM or worse has been reported to be a risk factor of RD and hypotony at follow-up exams, 17, 18 which could be also found in our study.
The cornea is the most frequently involved structure in OGI because of its anterior location. Wounds limited to the cornea have been reported to be associated with a good visual outcome, unless the injury involved the visual axis or greater than 25% of the corneal diameter. 15 Posterior wound location may cause severe damage to the photoreceptors such as the retina and optic nerve, thus indicating a poor prognosis. 19 Children would develop serious inflammation, proliferation, and traction retinal detachment. 20 In this case series, all of the seven eyes developing RD were injured on zone 2 or 3, and the final BCVA values were 20/200 or worse.
Hyphema is another sign of an unfavorable visual prognosis. 1, 9 Gupta et al mentioned in a child-based study that the absence of the red reflex could reflect the severity of the injury, and hyphema was the main reason of the absence of a red reflex. 7 We found that eyes with hyphema at the time of the initial examination were not prone to achieve a satisfactory VA. Meanwhile, presence of VH had some prognostic value. 1,9 VH might be caused by rupture of the blood vessels in the ciliary body, retina, urea, or sclera, and it could be related to more serious damage of the eye tissues and unfavorable visual outcome.
RD in OGI which could be induced by direct trauma or traction of proliferative vitreous, often needs multiple surgeries and is associated with a poor prognosis, or even pthisis. Many studies have confirmed the association between RD and poor prognostic features. 1, 9, 11, 12 Photoreceptor cells are seriously injured when RD occurs, and proliferative vitreoretinopathy after RD is another factor that may cause limited postoperative vision.
PPV was found to be related to a poor visual outcome in this study, but some improvements of visual outcome were finally obtained. PPV can help a lot in treating the posterior segment injury and lens trauma, including removing blood or foreign body in vitreous, reducing tissue damage due to inflammation and toxins, releasing the vitreous retraction, reducing proliferation by removing the support for cell migration, and promoting anatomical and functional recovery of injured eyes, especially for severe ocular trauma. 3, 11 With the advances of the technology, PPV has an important role in not only management of injured eyes but also improving the visual outcomes.
Conclusion
Our findings showed that the prognostic factors for a VA worse than 20/200 included an age less than 6 years at presentation, poor presenting VA, injuries caused by blunt or missile objects, posterior wound location, hyphema, VH, and surgical intervention of PPV. A poor presenting VA together with a posterior wound location were independent risk factors in the multivariate analysis. As a result, the prognostic factors for poor visual outcomes might be used to evaluate injuries and determine the appropriate therapy. 
